Epitaxial cerium oxide (CeO 2 ) buffer layer has been grown on lanthanum aluminate (LAO) single crystal substrates for fabrication of c-axis oriented YBa 2 Cu 3 O 72x (YBCO). Precursor solution of cerium acetylacetonates with viscosity of 0.6 centipoises was spin coated on the 1 × 1 cm area LAO substrates. The calcination was carried out by very slow ramp (18C per minute) until the final temperature of 5008C in oxygen flow to remove most of the organic compounds. The final heat treatment has been done at 7808C by a ramp of 208 per minute in gas flow of mixed argon -oxygen with 5 Pa partial pressure of oxygen. The thickness of the deposited CeO 2 buffer layer was 20 nm. Then, 100 nm thick YBCO film was deposited by sputtering on the CeO 2 buffered LAO substrate. Another film with same deposition conditions was also fabricated on the bare LAO crystal for comparison. The scanning electron microscopy (SEM) and X-ray diffraction characterisations show a/b axis YBCO decreases significantly when using the CeO 2 buffered LAO instead of the bare LAO. R-T and J c measurements of the samples are also reported. Superconducting transition width of the fabricated film on the substrate with CeO 2 buffer layer is less than 0.4 K and the J c of the fabricated film is above 3.5 MA/cm 2 .
1. Introduction: Large YBa 2 Cu 3 O 72x (YBCO) thin film fabrication utilising metal organic deposition (MOD) method has been investigated by several groups [1, 2] . Considering the production of second-generation superconductor cables, homogeneous biaxially aligned buffered films on long metallic substrates are required. YBCO films have been deposited on various biaxially oriented buffered substrates by the MOD method [1 -4] . The MOD process offers many desirable aspects, such as precise control of metal oxide precursor stoichiometry and composition, ease of formation of epitaxial oxides, relatively easy scale-up of the film and low cost, making this process an excellent candidate for fabrication of long and second-generation cables.
Cerium oxide is considered to be one of the most promising buffers for fabrication of the epitaxial YBCO films. The cerium oxide (CeO 2) buffer layer acts as a compensating layer of large lattice mismatch as well as a diffusion barrier between the substrate and the YBCO thin film.
For advantageous large YBCO thin film production, developing fully MOD fabrication including all needed buffer layers is essential. For this approach, it is substantial to produce a suitable buffer layer for YBCO thin film deposition by the MOD method. Usually, for fabrication of large YBCO film, people use other techniques to deposit the buffer layer (mostly evaporation method) and then make a large YBCO by the MOD process [5 -7] . Therefore coating buffer layer on substrates by MOD helps us to produce large superconductor films with a non-expensive method.
CeO 2 buffer layer using metal organic deposition on Ni-W tape has been produced previously [2] . In this work, we used MOD to deposit the CeO 2 buffer layer on lanthanum aluminate (LAO) single crystal and then we sputtered 100 nm superconducting YBCO layer by RF magnetron sputtering on the deposited CeO 2 buffer layer. For comparison, another YBCO film with the same deposition parameters was made on bare LAO.
2. Experimental details 2.1. CeO 2 buffer layer deposition by the MOD process: The CeO 2 buffer layer was prepared by coating a solution of cerium acetylacetonates (Ce-acac). The Ce-acac powder was dissolved in the mixture of pyridine (five parts) and propionic acid (three parts) and then it was heated to remove most of its solvents. The residue of Ce-acac was dissolved in methanol and then filtered to obtain a homogeneous yellow solution. The obtained sol-gel with proper viscosity was spin-coated onto the 1 × 1 cm LAO substrates at 3000 rpm. For the calcinations, the coated film, was heated slowly with the ramp of 18C/min to 5008C and then retained at this temperature for 1 h under oxygen flow to remove most of the organic components. For crystallisation of the CeO 2 buffer layer, the prefired film was heated up quickly to 7808C and kept at this temperature for 45 min in a stream of argon gas mixed with 5 Pa partial pressure of oxygen. The heating process has been carried out in a quartz tube furnace with uniform temperature zone without any air leakage.
2.2. YBCO thin film deposition by magnetron sputtering: YBCO thin films were deposited on bare LAO and CeO 2 buffered LAO substrates using the off-axis RF magnetron sputtering method [8] , with controlled partial argon shower around the target. With the advantage of argon shower near the target, the effect of negative oxygen ions was substantially reduced. About 20% of the total argon injected in the vacuum chamber was showered around the target, and oxygen partial pressure and substrate temperature were adjusted based on the Bormann-Hammond phase diagram [9] . The base pressure was lower than 1 × 10 25 torr and the oxygen partial pressure was 11 Pa and the Ar/O 2 ratio was 2 to 1. Substrate temperature was set between 720 and 7408C depending on the substrate position of the holder. Film thickness measurements were carried out during the fabrication process using a quartz crystal monitor, which has already been calibrated with the Alpha-step surface profiler. Final thickness of the obtained YBCO layers was about 100 nm.
Resistance against temperature behaviour of the samples was also investigated with a standard four-probe technique. Critical current measurements were carried out with a standard double coil technique. By measuring the third harmonic of pick-up voltage with respect to the excitation current, it was possible to compute the critical current (I c ) of the film. Knowing the thickness of the deposited film, the critical current densities ( J c ) were deduced.
3. Results and discussion: Logarithmic scale X-ray diffraction (XRD) pattern of YBCO thin films deposited on CeO 2 buffered LAO and on bare LAO substrate is depicted in Fig. 1 (red/grey for buffered one and dashed for the bare one). As expected, the peculiar peaks of LAO are stronger than other peaks, also the small peculiar peak for CeO 2 (002) is clearly recognisable at 2u about 358 for the sample on buffered substrate. Furthermore, XRD characterisation indicates that the 123-superconductor phase formed perfectly on the LAO single crystal with CeO 2 buffer layer and no signs of large a/b-axis domains in the film exist. To investigate the CeO 2 buffered layer effect, the XRD pattern of YBCO thin film deposited on bare LAO is also shown in Fig. 1 . As is obvious from the figure, the c-axis peaks of the film on CeO 2 are larger than that of the film deposited on bare LAO. Hence, one can conclude that by using CeO 2 as a buffer layer the crystal quality of the YBCO thin film improved explicitly.
The scanning electron microscopy (SEM) pictures of YBCO thin film on substrate with CeO 2 buffer layer and YBCO on bare substrate are presented in Fig. 2 . The grain domains are obviously observable in the SEM pictures. The small bright regions in these pictures are a/b-axis domains. The sizes of these domains in our thin films are typically between 20 and 100 nm. It is well understood that the existence of some small a/b grains would improve the critical current of the YBCO film, but if the a/b-axis grain increases or becomes large, the superconductor characterisation of the thin film will deteriorate. Other groups reported that increase of the crystal mismatch between the substrate and the thin film, increases the size and the number of the off axis grains [10] . Hence, we expect more a/b-axis domains of the YBCO film on the bare LAO crystal than those for YBCO crystals on the CeO 2 buffer layer because of the larger mismatch between YBCO film and bare LAO crystal in comparison with the one with CeO 2 buffer as is visible in the SEM pictures.
The resistance against temperature for the sample made on the CeO 2 buffer layer is measured and the results are shown in Fig. 3 . The metallic behaviour of the resistance in temperatures higher than the critical temperature is clear. The transition temperature is 84.8 K and the transition width is 0.36 K. The transition width for the film deposited on the bared LAO is about 0.9 K, which is equal to the transition width of the standard industrial YBCO thin film. It is obvious that the transition of the film on the CeO 2 buffered LAO is significantly sharper than the transition width for the sample deposited on the bare LAO. The sharp transition also indicates that the film is more homogenous and is highly c-axis oriented. Although we have a better-oriented material, the transition temperature of the film is lower than the standard transition temperature of the YBCO thin film (88 K). Although the lower temperatures with sharp transition make this film more suitable for our sensor application especially superconducting bolometers, this is owing to the fact that at a lower temperature the noise level is lower and less power is consumed because of lower temperature bias when using the L.N-based coolant. The bolometer device based on the MOD-acac YBCO superconducting film has already been fabricated and reported previously [11] .
We set the parameters of the sputtering process to obtain the YBCO film with 100 nm thickness and this was measured insitu by the quartz crystal monitor. Knowing the exact thickness of the film is necessary for critical current density measurement in the used technique. Critical current density is measured by the inductive method; the result of third harmonic response with respect to critical current density is depicted in Fig. 4 . Usually, first, we draw the third harmonic against the coil current and then by knowing the geometrical characterisation of the coil or use of a film with determined J c for calibration and then using the film thickness we can convert the coil current to the critical current density of the film. The critical current density of the film is obtained to be 3.7 MA/cm 2 ; where the critical current density of the film deposited on the bare LAO substrate is less than this value. 4. Conclusions: CeO 2 buffer layer was fabricated on the LAO substrate by a low-cost MOD method. YBCO thin films have been deposited by RF magnetron sputtering on the CeO 2 buffered and bare LAO substrate for comparison. The XRD pattern implies that the fabricated YBCO films are highly c-axis oriented. The XRD peaks of the YBCO on CeO 2 are sharper than those of the YBCO film on the bare LAO crystal. SEM pictures also reveal that the a/b-axis domains in the film on CeO 2 are remarkably less than the film on bare LAO substrate. R-T measurement of the film shows very sharp transition width less than 0.4 K for the YBCO film on the CeO 2 buffer layer. Non-destructive inductive critical current measurement reveals that the critical current density of the film with CeO 2 buffer layer is 3.7 MA/cm 2 . As we expected by using the CeO 2 buffer layer, ax is orientation of the film improves and the critical current density is increased.
